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FIELD: plastic working of metals* in particular, cold plastic deformation method. SUBSTANCE: method 
involves manufacturing two paits. pipe and enclosure, from materials with dUTerenl elastic limit; 
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made from metal with lower elastic limit to plastic deformation. EFFECT: increased efficiency and 
improved quality of liner. 2 dwg3 
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(54) cnOCOB M3rOTOBJlEHM>l nEMHEPOD 
(57) Abstract: 

klcnonbsoBauiie: o6pa6oTKa weraruioB ;^aBaeHMeM, e uacTHocxH. o6pa6oTKa mctoaom xonoAHou 
nnacTWuecKott ;^e4>opMa^wM, CyOMiocTb M3o6perreHiiH: mroTaBTmBaiox ne^arai - Tpy6y h oGono'iKy mo 
' MaTepfiianoB c paojnwHWM ^pe;^e^0M ynpyi>ocTw. Co6Hpaic>T yncMHiiyTbie flerariM nyreM ycraHOBKii Tpy 6fai b 

o6onotiKy c aasopoM. nocjie cCopioi luiacroMecKoii fip^puaujm noAocpraioT fxerajib, H3roTOBneHH>To k3 
Mcrajuia c MCHbmHM npe;^ejiOM yiipyrocTH. 2 wi. 
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Description (OnHcanHe H3o6p>eTenii5iI: 



W3o6peTeHiie otuocmtch k xojioflHOM o6pa6oTKe MeraanoD iuiacTO4ccKMM Ae^wpuMpoBaiiMeM m mojkct 6biTb» 
Hcnojib3onaH0, HairpHMcp. j\nH MororoEuieiiMfi neibiepoB a^ir u^utmppoB niTaHroBbix He4>T«Hi>ix Hacocoo. 

MsBecTCH cnoco6 ii3rx>'roQneHMn JieftiiepOD. corjiaciio KoxopoMy xonKocTcnna^ Tpy6a DcxanjwicTCJi b 
o6QnoHKy c aaoopoM |]| Mewj^y Hapyxuiou nooepxiiocTbio Tpydw m BH)rrp€HneM noriepxHocTbK) o6QnoMKM 
UMeercsi saoop. 

He^ocTaTKOM iTpHBe;xe«noro cnoco6a ncnnercn iiajnwwe aasopa UQTS^py Tpy6oH m o6ono«Koft, npuBOA^nxero 
K cHM^Keiiwio mecTKOCTM Jicraicpa, a tj itcKOTopfaix cny^ianx, iianpMMcp, npji rarorrooneiooi lSfAnm^^poD 

HC(J»TflHbix HacocoB M3 JicMuepoB, 3a3op aHa'iiirreabuo cHMataer KauecTBO nocneAyiom^eM onepauHw 
ynpoweHiM BHyrpCHHefi noDepXHOCTn uHJiixmipa asoxupoeaHMCM. 

MaeccTCH cnoco6 MaroTOBneinm jiewHepcB, cor/iacHO Koropo^iy HapyjRHyio noE^epXHocTh. Tpyfibt m 
BHyTpcHHTOio noDcpxHOCTb o6ono^iKii M3roTaBjnreaiOT KororaecKHMH |2| Hc^^ocraTKOM BbnneonHcaHHoro 
cnoco6a fmnnercn to. mto oh cjio^ubiM b ocjai^ecTBneHHM. CnoJKHocTb iipe;;cTaBnHeT H3i'xm)BneHMe 
conpHPacMhax noeepxHocreH m6o Tpc6yeTCH crporo corjiacoBaxb o^HooaiocTb kohmucckom BifyxpeHHeif 
noaepxHOCTM o6anoMiui c KoiiH«iecKOM uapy»Hoif noBepXHOCTbio Tpy6bi. 

TaK»e rosecren cnoco6 loroTooneHMH newHepoB, corjiacHO KoropoMy nocne c6opKxi Tpy6bi c o6Qno4Kot< c 
HCKOTopbiM 3a3opoM no conpRpaeMbiM noeepxHocTOM. jieftHep noABepraioT aBTo4)peTHpoBaHMJO (cM.TaM me 
CTp.38) |31 T, c. nnacTimecKOM jxe^pusajfrn Tpy6bi c uenbio ycrpaHeimn aaaopa utJKjjy Tpy6oH m o6ojioiikoh, 
M o^^HOi^xsMeHiioro ynpoMHeiosH Tpy6bi. 

H^ocraTKOM lOBecTnoro cnoco6a HoroTOBncHWH jicfeicpoD HBJwercn to, »rro npn cKperuieHHH neitaepoB 
nocpc^ftCTBOM itnaenwecKoft Ae4>opMaqwM o;;iioft m3 Aeranetl jiewHcpa (oGojiohkm vum TpyGbi). iic 
ywTbiBaioTCH MexaHKWccKMC CDOMCTBa MeTaJUlOB* HTO He nosDOJiaer oGecnemiTb KauecTBeHHoro. 
6e33a3opHoro cKperuieioiR Tpy6bi c o6ojiomkom m, KaK cneACTowe. npwBomiT k HnsKoxiy Ka»4ecT^ mpfiim^i b 
Ue/iOM. 

HanpwMep, npn M3roToanenroi muiHHApoB He4rT5iHbix nrraHroBbrx nacocoB H3 CKpenncHHbDC jieitecpoB. r^c 
Tpy6a u3i^oTaHJiiiBaeTCH m3 BbicoKonerMpoBaHHOH aaoTwpycMow cranM. a o6QjioMKa m3 HMOKoyrnepoAwcroM 
eranif, H3-3a BbimeyKasaHHoro HeAocraxKa b npon,ecce asoxupoBaHMJi ujhjuu^uxib ho oaoopa Bfau;eJi«ioxc« 
rasbi. upciMTCTByioin^c HopManbHOMy npoTeKamao npouccca asoxKpoBaHSiH, b peayjibxaTe uerx) pe3Ko 
Bospacraer speMn aaoTupoBaiwi w cHHxaeTCSi Ka^ecTBo a30TifpoBanMn noBepxHocru iQirafimpa n Hacoca b 

3aAaweM K3o6peTeHi«i «Buiacxc« pa3pa6oTKa cncxx}6a wsroxouuieHWH jiewHcpoB, o6ecncHMBaioinero 
KauecTBeuMoe 6c33a3opHoe coeAHucmie Tpy6bi c o6oiiociKOH h noBbuneime wcctkocth nefiuepa. 

yKa3aHHbiM xexHMiiecKMM pesy/ibxax flocxMraercH tcm, uxo iipn ji3roTOBncHMW jieilHepa, Bitnio^aioinero 
w3i-OTOancHMC flByx f\€rr3Ji(tu xpy6bi m o6QnoHKK h c6opKii wx AP/^ ^ APy^*^ ^ 3a3opoM. corjiaciio 
is3o6peTeHMK> nnacTiwecKOMy j\e^ophmpoBSdBsx> noAoepraioT jifirr&JUj, iisroToancHHyio ii3 Mexa/uia c 
MeHbiiiHM npc^ACJioM ynpyrocxM. 

PesyjibxaxoM peincimn nocxaRncHHOM sa/^aMM HBJiH<rrcH xo. »ito npw bo3acwcxbmw na Acrajib, 
MjroToancHHyK) W3 Mcxajuia c MCHbiuHM npenenoM ynpyrocTM Mepe3 iiee KCbi B03AeHCTByeM na wexajib c 
6anbiuim npcACJioM ynpyrcicTif. 

riocnc cHHTvw Harpy3KM B ACT^anw c MCHbOiMM npcAeJioM jmpyrocm ocTaioTCJ! ocxaTOHHbie luiaCTWMCCKne 
Ae(J>opMauwM. a A^T^aJib c bcjibiUMM iipcACJioM yiipyrocxM npwMCx cboh ncpBoiiauajibiibie pasMepbi w 
6c33a3OpH0 npujiiwcT K conpHracMOM noBCpxHocxw ynpyrow f^cr^sm. 

Ha (|)Hr. I w3o6pa>tteii cnoco6 coeAmiciiMn /icibiepa. d KOxopoM o6ariouKa MOPoxoaneHa h3 Mexanjia c 
MeiibiiniM Jipe^ejioM yirpyrocxM. a xpy6a nsroxoBnena m3 Mexarijia c 6(vihiiuiw iipcAcnoM ynpyrocTw; na 
onoco6 cocAmienii>i /lewnepa, b KoxopoM o6ojiOMKa M3roxonncna ti3 Mexaana c 6oJU>aiMM rrpcACJioM 
yiipyrocTii, a Tpy6a nsroxofiriCHa m3 wcTajuia c MCHbUMM npcAejioM ynpyixiCTM. JTeiiHepa H3roxaa;iMrjaiox 
cneAyTomwM o6pa30M. 

nepiKiHaHajibno Moi^xaiviMwaiox o6oinoMKy I. Tlocjie Dauepa onyxpeiniepo A^aMexpa oGoJiomiM 1 
o5pa6axbiBajox no napy^Rnofi uoucpxnocxw Tpy6y 2, u6ccncMUDan rapairrwpoBaiDibui 3a3op we«Ay 
^ conpHracKfUMM nooepxiiocxnMM. llocne c6opKM o6ojio^m I c Tpy6oH 2 Jietoiep nocxyiiatix na oncpaicwio 

cKpciuienHH. CKpcruicimc ocymccia;iHeTCfi nocpcACXDOM AC<j)opMamui o^}^ou mo coapnraeMbix ACTajiCM 
o6QJiOMKit 1 mm xpy6bi 2. flc<t>opMauMio mowho irpoDo^uxb npn noMoinii nuicoKwx ^i^dnvicni^yi wmakocxw, 
pa30B. cn«wo6oM kobkii. i>6KaxKM. AOp"ooaiiiin wjih ;\pyrMx cnoco6on. 

Uu ^ur.l noKa3aii oahii M3 uo3MOJRiibLX BapMaiixon cKpciuicnuyi jiciiiicpa. b KoxopoM oOojioHKa 1 




waroTOoncHa ro uexanna c KfeHumiM npc^cjioM yiipyrocTM. a Tpy6a 2 h3 Mci^aiuia c 6ojii3imiM xipcAcnoM 
ynpyrocTM. B npMBe;;eHHOM cjiynac nnacTMHecKOM Ae<|K>PMau]HM no;iBepraioT oCo/iouKy I, Ann 3topo iia 
weraanopeasymeKi o6opyftO£3aHiai. iianpHMep. ropH30iiTanb«o-pacTowHOM craHKe B Depr^noKUod 6a6Ke 
M3;;ejiMR, no ocm craiiKa ycTanamniiDaioT o6KaTnoji micTpyMeiiT c /^e4>opMMpyloa^lMM ponKKaKOi 3. B 
cT€6ejib craHKa ycrawaf uineaiOT orrpaiiKy 4, Ha KOTopoM iioqxflCTBOM iiiTW<|)xa 5 3aKpcim«K>T /leitocp. 

riocnc HacTpoMKM Ae4>opMwpyK)imix panMKOB 3 Ha pa3Mep MCHbnie Hapy whopo ;^iiaMeTpa o6ojioukm (pa3Mep 
no ;^e^pMiipyioni;[n4 pojiKKaM onpei^ejmercH 3KcnepwMeHTanbH0, b 3aBHciiMocTH ot /^naMcrpa jieMHepa, 
ToniqMHbi CTCHOK o6anowKM 1 u Tpy6bi 2 m MexauMMecKiix cbohctb uerajLTia) pacKaTHOMy MHcrpyMeiiTy 
coodUD^aiOT BpamaTCJibHoe pfSMCime V, a ntPmcpy iiocrynaTenbHoc S. BbOionHHioT luiacniMccKyio 
Aec^pKcauHX) o6ojiomkh 1 vi ynpyryio AC<]K>pMamiK> Tpy6bi 2. 

B caH3ia c pasnmsshihai wexaHMMecRiftm cwiiCTBaMH MeranJiOB o6anowH 1 la Tpy6bi 2 b o6aaoHKe 
npoHSoftAyr nnaCTMMecKMe Ae^JopManjKw, b peoyjibxaTc Mcro HapyKHbift w BHyrpcHHrai A^aMcrpbi 
yMeHfamaTCCT, a b Tpy6e 2 npoiraoftAyx ynpynie A^fropwaUMM. nocjie chhtwh Harpy3RM napaMtrrpbi 
Tpy6bi 0O3DpaT«TCH D nepBouaMajibuoe nonoKemie, iipu otom, iipoM30HAeT 6e33a3opHoe m KaMecTBCHHoe 
CRpeiuieHMe jiefiwepa. 

Ha ^MP. 2 H3o6pa«eii oakm ira oo3MOxmbix BapKanroB cKpeixneHMH jieiiHepoB. n KoropoM o6QnoMKa 1 
u3roToaneHa m3 werajiJia c 6QnbiiiiaM ripcACJioM ynpyrocni, a Tpy6a 2 m3 Mcxanjxa c mchwiimm npcAcnoM 
ynpyrocTH. 

JlewHep ycTaHamiMBaioT na npoTHMHOH craHOK c ynopoM d npMcnoco6neime 6 oahhm icb rapucB. B 
OTBcpcTwe Tpy6t4 2 de^aht ortpasKy 7, na bbixoa b KOTx>pyio soopauMBaiOT ^opH 8. Tlppu no napywHOMy 
AMaMCTpy BbmojmeH na pa3Mep 6ojibmc pasMcpa BHyxpemicxx) Aii^MCxpa Tpy6bi 2. BenMMMHa naTOra Aopiia 
8 B OToepcTHM Tpy6bi 2. KaK m b npeAbiAyn;eM cjiy^ae, onpeAenHcrcH 3KcnepwMeHTaabH0. ripw BKJiiOMeHiDi 
onpafiKM 7 uoAaMM S npOM3BOMHT luiacTH^ecRyio Ac^pMau^ Tpy6bi 2 m ynpyryio A^j^P^^^u^ oGojiomkm 1, 
npKBQpmufXK K 6e33a3opnoMy m KauecTBCuMOMy cxpeiineHHio o6ojiotiiui 1 c Tpy6ott 2. KaK h b npcAby^ymeM 
cjryMae. 
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Claims I<t>opMyna M3o6pCTCiiH^]: 

Cnoco6 wDroTooneiinn nefnicpoB, uiuumaiOUJQxA WDroTOuncHMe Tpy6bi m 060710^011, c6opKy mx flpyr c f\pyrou 
nyTCM ycraHOBKM Tpy6bi n o6anouKy c aanopoM m nocjiCAywuiec rmacrrwMecKOC Ae<))opiwiMpoDaHMe oahom m3 
co6paiixnb4X j^eranew, or/m^ajomwiiCH tcm. hto Tpy6y h o6ojio^y H3roTaB7iHBaiOT M3 KfCTannoB c paaHboi 
zxpc;^enoM ynpyrocTM, a luiacTMiiecKOM j\e^opMaisjm noABcpraiOT ^^craAb. MaroroBneiniyio m3 Mcrajuia c 
MCHbODiM npcACJioM yiipyrocTK. 
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(54) LINER PRODUCTION METHOD 
(57) Abstract: 

Field: Plastic metal working and, in particular, metal working by the cold plastic 
deformation method. Substance of invention: Two parts — a tube and an enclosure — are 
made of materials with different limits of elasticity. These parts are assembled by 
inserting the pipe into the enclosure with a clearance. After their assembly the part made 
of a metal with a lower limit of elasticity is subjected to plastic deformation. 2 dwgs 
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Description: 

The invention relates to cold working of metals by the plastic deformation method and 
can, for instance, be used for the production of liners for oil-well sucker rod pump 
cylinders. 

A liner production method is known, which involves the insertion of a thin-walled tube 
into an enclosure so that there is a clearance between the outer surface of the tube and the 
inner surface of the enclosure (1). 

The drawback to this method is the existence of a clearance between the tube and the 
enclosure, which results in a lower rigidity of the liner, and in some cases, for instance, 
when liners are used in the manufacture of oil-well pump cylinders, this clearance 
considerably impairs the quality of the subsequent operation — the hardening of the inner 
surface of the cylinder by nitriding. 

Another liner production method is known, in which the outer surface of the tube and the 
inner surface of the enclosure are made conical (2). The drawback to this method is that it 
is hard to use. The difficulties associated with using this method are encountered at the 
stage of forming the mating surfaces since it is necessary to ensure the alignment of the 
conical inner surface of the enclosure and the conical outer surface of the tube. 

Still another liner production method is known, in which after the tube and the enclosure 
are assembled so that there is a clearance between the mating surfaces the liner is 
subjected to autofretting (ibid, p. 38) (3), i. e., to plastic deformation, for the purpose of 
eliminating the clearance between the tube and the enclosure, and, at the same time, the 
tube is hardened. 

The drawback to this liner production method is that in joining the liner parts by 
subjecting one of them (the enclosure or the tube) to plastic deformation the mechanical 
properties of their metals are not taken into account, which makes it impossible to ensure 
high-quality tight joining of the tube and the enclosure and, in consequence, results in a 
lower product quality. 

For instance, when liners assembled from tubes made of high-alloy nitrided steel and 
enclosures made of low-alloy steel are used in the manufacture of oil-well sucker rod 
pump cylinders the gases emitted while nitriding the cylinders from the clearance 
between the tube and the enclosure due to the above drawback interfere with the normal 
course of the nitriding process with the result that the nitriding time is considerably 
increased and the quality of nitriding the surfaces of the cylinder and the pump as a whole 
is impaired. 

The object of the present invention is lo propose a liner production method ensuring 
high-quality tight joining of the tube and the enclosure and a high liner rigidity. 
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This object is achieved as follows. In the Uner production process including the 
production of two parts — a tube and an enclosure — and their assembly with a certain 
clearance the part made of a metal with a lower limit of elasticity is subjected to plastic 
deformation. 

In deforming the part with a lower limit of elasticity, the deforming forces are transmitted 
through this part to the part with a higher limit of elasticity. 

When the loads acting on the part with a lower limit of elasticity are relieved it will retain 
residual plastic strains and the part with a higher limit of elasticity will acquire its 
original dimensions and will tightly bear against the mating surface of the other part. 

Fig. I illustrates a liner production process, in which the enclosure is made of a metal 

with a lower limit of elasticity and the tube is made of a metal with a higher limit of 
elasticity, and Fig. 2 illustrates a liner production process, in which the enclosure is made 
of a metal with a higher limit of elasticity and the tube is made of a metal with a lower 
limit of elasticity. Liners are manufactured as follows. 

initially, the enclosure 1 is produced. After measuring the inner diameter of the liner 1 , 
the outer surface of the tube 2 is machined to ensure a guaranteed clearance between the 
mating surfaces. After assembling the enclosure 1 and the tube 2, they are joined. This is 
done by defonning one of the mating parts — the enclosure 1 or the tube 2. Its 
deformation can be effected by using high-pressure fluids or gases or by forging, 
spinning, mandreling or other methods. 

Fig. 1 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure I is made of a metal with a lower limit of elasticity and the tube 2 is 
made of a metal with a higher limit of elasticity. In this case, it is the enclosure 1 which is 
subjected to plastic defonnation. To this end, a spinning tool fitted with deforming rolls 3 
is mounted on a metal-cutting device, for instance, it is secured in the swivel workhead of 
a horizontal boring machine. Mandrel 4 is secured in the machine spindle, and a Hner is 
mounted on the mandrel and fixed thereto by means of pin 5. 

After adjusting the deforming rolls 3 for a dimension smaller than the outer diameter of 
the enclosure (this is done experimentally according to the liner diameter, thickness of the 
walls of the enclosure 1 and the tube 2 and the mechanical properties of the metals used), 
the spinning tool is imparted a rotary motion V and the liner is imparted a translatory 
motion S with the result that plastic deformation of the enclosure 1 and elastic 
defonnation of the tube 2 are effected. 

Due to differences in the mechanical properties of the metals, of which the enclosure 1 
and the tube 2 are made, plastic strains will develop in the enclosure, whereby its outer 
and inner diameters will be reduced and elastic strains will develop in the tube 2 and after 
the load is relieved the tube will acquire its original characteristics, the result being that 
high-quality tight joining of the liner parts will be effected. 



from 10468719 on 05/26/2006 

■ ■ 



RU 2095179 CI 



Fig. 2 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a higher limit of elasticity and, the tube 2 is 
made of a metal with a lower hmit of elasticity. 

The liner is mounted on a broaching machine so that one of the liner ends abuts against 
fixture 6. Mandrel 7 is inserted into the tube 2, and broach 8 is screwed into, the end of 
the mandrel. The outer diameter of the broach is one size larger than the inner diameter of 
the tube 2. As in the above case, the interference fit of the broach 8 in the tube 2 is 
determined experimentally. When a feeding motion S is imparted to the mandrel 7, the 
tube 2 is subjected to plastic deformation and enclosure 1 is subjected to elastic 
deformation with the result that, as in the previous case, high-quality tight joining of the 
enclosure 1 and the tube 2 is effected. 
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Claim: 



A liner production method which consists in producing a tube and an enclosure, 
assembhng them with a clearance and subsequently subjecting one of the assembled parts 
to plastic deformation and wherein the tube and the enclosure are made of metals with 
different limits of elasticity and the part made of a metal with a lower limit of elasticity is 
subjected to plastic deformation. 
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Fig. 1 
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Fig. 2 
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